dpe cycle and the origin of ingveblility at

b

The brecakage-fusion-br
zene loci,

I. Review of evidence so far precsented:
1. Attompted to present evidence of the origin oand behavior of instability
at a nuiber of nowm gene loci in nalze,

2. Huech of this confined to cas~s where Ac-controlled the cenic action,
This done to keen down the need for ftoo rmch memory of individual cases --
a unifiled theme for the prescntation of cases,

3. lave showm that both Dsg and Ac are transposible uvnits and that the
transnosit’ons occur in cometi cells at certain times during the develovment
of a %fissue, under control of Ac itsclf.

I, siave shown that rutability ariscs when Ds activity a »cars at the locus
of the Imowm gene inc cse of c-ml and bz-ml.

5e “ave shown in these cas-s that rutation at the locus is associated with
an event involving Ds -- loss of Dg activity conicident wl th the mutation,

6, Have showm =hat chanres in state oceur at Ds, when at the clocus of

c-ml o1 bz-ml or at Ds in other locations,
7. fave indicated the stabilitvs of the states of c-rml and the succession
of states that occur -- one From tie other,

8, Ve lmow that events at Us and also at Ac can lead to a physical cinance
in the chromatin at the locus because of ¢ dicentric formation, invgersions,
duvlications, ring chromosome, translocaticns etc, that have boen ohscrved,
syidence moints to some change that rosults in a physical ¢gatleration of the
chro=atin materials at the locuse svidence sugrests that transpositions
arise from this wmrocess,

9. We Iknow that no alterations occur a’t the Ds loci, or the loci whe e
rutatility is controlled by Ac, if Ac is absent, Butability will occur,
howevcr, when Ac azain introduced,

als are trey
nent? Whe- =2 do
ng neuly cra ted?
gquestions?

II. The questions: What do Ds and Ac represent? What mat
conmosed ol? ilow do such units arise in the nuclear cormw

Qg) they come from? Arc thev always there or are they soreth
,/IWhat can we find oult about then that will help answer thos

T, - . P . . . . -
ITI, +he above quoetions take us back to the vory first discussion in this
series: the sudden appecrance of a great many newly arisen mutable genes in
the wrogeny derived from a set of ~lants, esch of wrich had undergone the

breakage-fusicn-bridge cvcle, Also, the differcnces in the mutable condition:
exhibited by two branches of the same =lant -~ one giving a rmbable, the other
not having t is rutable, 2ome correlaticns between this c¢7ele and the

origin of the mutable loci suspected,

le This history == no previous investigations macde on plants that had
undergone this chromosome tye of breakage-fusion-bridre cvcle,

2. What is the particular sighifigance about t-is cyecle that covld roduce
these new muiable loci? Why might 1t be regronsible for initiating the
mutable genes?
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IV, =Zxanminaticns mede of the chr-~osome constituticns in a number of the
plants that had underpgone the chromosome tipe 0F b.f.b. cvcle -- bebtween
250 and 300 dxaﬁlned. Revealed a strlklng alteration of particular

components of the chromosome com-lement and this guite unexnecsed,

1. Alterati ns involved some kinds of changes in the HeuPrOCWQ“’tho
elements of the chrorisome corrlement, Anvelving chromescres other than those
of chromosome 9 as well as those in chromirsome 9,

2. The regicns involved: The centromeres, the knobs, the ends of
chromoscnes, and the nucleolus organizer on chroicsome b

__1,_

3, Lhe pirysical appecrance of these coponents,

i, The vosit ons they occupy in the resting nucleusg, ' 4
s T
5 The fusio*s that occur betueen the Mmobs and between the centromeres,
in normal, ¥TEting nuclei,

V. The expected types of changes that should be produced by the chroroscome
type of b.f.b. cycle: On board,

1. Diagrams on board,

2. If healing of brcken ends oceurs in the sporocssnous cells or in their
ancestor cells, the constitution of the chroiwosomes may be examined in the
resulting micvosnorocytes by analysis of pachytene stages, This could
show what is »resent in the chro-wocsores 9 that head undergone tnis cvcle,
Would expect du*lrﬂﬁt_vlu, deficiencies, reduplicntions, etc,

3. In a number of cascs, the exrecued times of alterations, as shown in
the dia gvams wore round,

Le I bout ho or 50 casos, otnrer tipes of boivatWOL o)
chro:csone com lement, heue not cormon in blan that ha
this cvcle,

EQ

bDesorved within the
ve not unde-gone

VI. The classes of abnormal types of chro-osorme alterations. Involve the
broken end or the knob at the broken end of short arm of cnrcrozcme 9 with
other regions, or the centromeres with other meniromcres or knobs,
The types obscrved: Classes,
1. Centromere to centromere aberrat cns:
)
e s B v -
R . * U B S
i . 1 /,,._..-—-— \ M
7 Conldo ¥ e
&J:»«Z (YT thir. 9
) \ eoafs
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2. Centromere to knob aberrations: =,

“4ng chronosome 9 -- centromere to kn

a).,
b). dinversion in chromosome 9: e DR
c). Inversions in other chromosores:
R SRS o R . s
Chromcsome 5~ ————2 * 7 e
»»»» oo
\ ) R
Chromosome 7 cre—tn - @ -,
b h
AR
Chroosome 6 gy T -7 DS

N

3. Knob to knob or broken end to knob exmhmm aberrationsg:
e ()

i = »

a), Ring chrorcsome Q.

1]
b). Duplicetion: 21 o

d). Translocation of end to short arm: RN — -
ﬁ. Knob to knob end centrome-e to centromere:! ‘ ﬁﬁy
~ ,.-"{' i
oson

5. Knob or broken end of chr, 9 tc knob on another chre

a} Chromosomose 9 and 3, at knoh

S——_—

wﬁ«.».,.w 3 ,Am‘rg-,«‘
Ity < SR . e

{

L
f. é-
L

ﬁ} Chromosome 8 lons arm, and khwvo+ogcie 9

cs Chro woscre 6 at nucleolus orsaniger:

I’ [ TS ‘,;-“ s e S
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6. To end of short arm of chromosore 8 == many cases:

VIII, Conclusions: o

l. Quite obvious that many other aberrations ocecurring as consecuence ofl
the b.,f.b, cvcle than that wiich could be expected,

2. Hulte obvious that the majority of these unexpected aberrations
oceur to particular elements in the chromoscme commlerent w—- centromores,

knobs, nucleolus organizer and the end of chrc:osone 8 shert arm,

3. Questicon: Is there any relationship between the oceurrences of these
aberrations and the origin of the mutable genes? Can we test this?

e A single test made, which will be described,

- T d : 1t ‘nduction of Dt,
1”¥h*m1%gh~ oT The a7 = Dt relationship and the test for induction of Dt

I, The aj, recessive, located in chrouoscme 33 used for many viars in maize
genetic studies,

2. This rececessive very stable., Reversions to A, in the usual csenetie
stocks not seen; Atterpts by Stadler to get revirsions by radiaticn not

-

successful althourh many thousands of cells irradiated,
3¢ The origin of a rmtable a; locus:

a), Randolph stocks: Black liexican sweet corn, Ay Al
. b)e ¥ne plant -- on self-pollinated ear, kernels that were colorles
and those that were colorless with dots of color were serregating,
c)e. Bhoades took over the genetic analvsis, Thorough analysis over a
period of a number of verrs (1936-1941 and later),

(1) A new mutation to aj foom A

(2) A dominant present, Dt Tor dotted, w-ich made this a, mutate to Al
in pattern of dets of coclor in the kernel and fine stroaks 1n~i-e rlant, -
These dots of color were deew -- with the diffusion rims, previovsly decscribed,
Very few earlw muteticnsy very few mutations to the pale color,

(3) CGeecasional ant-er with rutant tissue, or sector of mutant tissue,
Pollinaticons from them produced the germinal mutaticns for subsequent study,
These proved to have dominants that were not all exactly like the orignal --
elleles of the Ay normal locus,

b

all werc highor

(It) Tested Dt on the o0ld known recessive., Cauveced it to mutate in the

very same menncr aos the one which occurred in the Black llecican Sweet Corn,
(Z) The dosage action of Dt increased doses, increased Tre-uency of
mutation -~ more dots, rceoretirc in some coses,
(6) Obtained some aj recessives through tiis process of being with Db

that no longer mubtatédnin the prosence of Db,
(7) Located t is dominant, Dt, adjacent to or in the knob te minating
the = ort arm of chrc-osciie 9.



IT, The reascning that lead to experiment to nroduce Dt by the b.f.b, cvcle,

1. aq does not mutate in the absence of Dt, It is very stoble,

2. If the b.f.b, cycle makes evident the conbrolli “¢tor such as Ac or
Dt, and does so because it dispbubts the heterochrown alance in sone
manner, then we should be avle to get evidence of + r sucir a Dt
factor it aw/al plants have chrcos mes undergoing the b.Labs crcle,

3. This can be done readily, as will be siown,

i, Would expect to f£ind rmtations to color -- but in sectors and showing
dots of A7 in these scctors

This rcoasoning is bosed on our knowledge of that state of the normal

a7 locus: R
This sbate gives dots with Dt, VUther changes probably occur -- and

do occur since stable a; in presence of Dt obtained -- and thoese »ecognized
by the pattern of dots In the kernels naving DE,

Also, we know have other states of aq == found by Huffer to have
ariscn in the Dt stocks, These give tynes OF muioctions like t ose shown
early -- e rly sectorials for both full A1 and for pales, and various canges
in state arise frequently Trom then.

ITI, The test procedure:
1. The cross:

Female lale v
e, ¢

aq]Q4 Rowald LOW LR t] . a, C
.3 Youug oy, 7. C”',./ R

et e
oGy o
o v
2. The gametes produced by the male?
(1) Cowpeely %.%UL{L%,W —
(2) tmf.@@u. z VUnfuudﬂmwd)Piﬁub
3. The origin of the chrowmosces with broken ends:
] : PIT
\’
2
3
Gf':ﬁ
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e 3
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Lo The chrovcsome constitutions rosulting from breaks (1), (2), (3),

5. The functicnal pollen grains: i 7 have a newly broken end.,
Thosge groins with nesr normal constitu short
duplicat:ons function more elfficiently Wit the

full duplication of the chort arm,

6. The control test of this functioning:
Feriale Hale SOue ~ 0~|IGJ

H\ﬂ\ /QIA— <E//

c
the rosults: See enr, uﬁé“*

st

IV, The results of tiis test:
315 ears obtained; contalred a total of 93078 kernels,

117 kernels with spots of color -- the Al type with diffusion rims,
All were dots., No pales, no large Ay colored arsas,

These vnresent on 86 different ears,
The number of dots per kernel?
93 == 1 Ay dot only
9 -- 2 A dots
1
-3 Al dots

=

H

- LA dobs > \\ij'\mw 9 Nolo

-5 Al dots )

7 A dots
1
Ll 17 Al dots

I S VR SRR N
1
1

-- 8l A4 dots distributed over the whole aleurcne areay

The apmearance of the dots, when more than one wrestnt, in sectors,
The rcsemblance to the dots produced by Dt,

V. The rezson for so few casas being found: The Dt factor muct be nroduced
early enough in the develownnent of the kernel to have on effect on the cells
late in development.

1. The

time when these changes covld occur:
sndeosperm di o}

Y : rrom Anaphase II to ezrly
visicns in order o wroduce decided sectore:
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e , 2 7l o owh wdh
first division of spoves GAl o
. i n . . " K \ e
“Q“\ Division in pollen graint \
_, R . . .t .
N Virsgt division in emBogperm:® llﬁ}ix””j
N o -~ ® . - . N ‘
 Second division in endosperms W
sy \
Third divsion in endosnerms I3
Yourth division i~ endosperm’ ‘l|b
VI, Zxperiment positive, Shows that Dt=like effect can epncar in tissuss
that are undergoing the b.f.b., cvcle,
VII, The presence of Dt factors in strains of mailze: T ose from S K,

examined:

Une strain from Peru and one fron Brazil found to hove Db,

In both cascs, the Dt not distinguishable from that found by Fhoades,

Un one case, tMe only one whose test "os been renorted, the Dt
factor is not in chromecscme 9, It apwnars teo be in chrovercae 6,

Thege differonces in positicns -- corresponds to tha

VIII. The indicatkons so far, suggest that trese controlling facto:
present or can be rnnde evident in nuclei, ‘heir possible significanc
be discussed latere
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